Richard (Dick) Ellis Ford Matthews was a distinguished plant virologist, a proud fourth-generation New Zealander, and a man of great energy, enthusiasm and scientific integrity. He pioneered the use of nucleotide analogues for interfering with virus infection; he showed the merits of turnip yellow mosaic virus as a model for studying many aspects of plant virology; he informed and influenced many aspiring plant virologists worldwide by his comprehensive textbook on the subject; and he led the drive to establish molecular biology in New Zealand.
F 
Dick was born at Hamilton, New Zealand. He had two younger sisters, one of whom died in childhood. His father, Gerald Matthews, a farmer descended from a missionary family that had played a prominent part in establishing the settlement at Kaitaia, North Island, in the 1830s, was injured and shell-shocked while fighting in the Army at Gallipoli during World War I and, as a consequence, had to take up an office career on returning to New Zealand. He was a Maori speaker and knowledgeable about Maori customs and history. Dick described him as a highly intelligent man, interested in native plants and animals, but with little formal education, having attended primary school only, despite gaining a scholarship to attend Auckland Grammar School. Instead he had worked in a road-building gang, and with his brothers on the farm, to help repay a debt incurred following the premature death of Dick's grandfather in a farming accident when Dick's father was aged three. Dick's mother, Ruby (née Crawford), came from an immigrant Scottish family and could trace her ancestry back to Oliver Cromwell. By great personal effort and determination she left home to become a schoolteacher, and attended university for a year as part of her training.
E ,    
Dick's home environment was stable and conducive to study but his family, although more fortunate than some during the Depression, was not well off. He started primary school in Hamilton at the age of four and recalled that, like most other boys, he walked to school barefoot. He contracted a series of serious illnesses and, when he was still at primary school, his family decided to move to Auckland, where the climate was thought to be more healthy. His secondary education was at Mt Albert Grammar School, where he was one of a group of talented, competitive youngsters. He was strongly influenced by two outstanding teachers, M.J. O'Sullivan, and W. Caradus, who gave an innovative science course, well ahead of its time, to some of the brighter pupils. In the sixth form, Caradus agreed to give Dick and a fellow pupil, E.G. Bollard (later Director of the Plant Diseases Division, Department of Scientific and Industrial Research (DSIR)), special tuition in botany provided that they studied electricity and magnetism as well. Caradus apparently learnt his botany about a week ahead of his pupils. Excited by the appeal of science, Dick and Ted Bollard fantasized about going to England and studying at Cambridge University.
There were several other influences with a biological flavour in Dick's early years. His family had a 'bach' (a holiday cottage) near Auckland at Long Bay, where Dick acquired a strong interest in the seashore and marine organisms, and enjoyed fishing and living at a subsistence level, like a pioneer. Also important were visits to the home of his step-grandfather (H.B. Matthews), who had a notable collection of New Zealand ferns and orchids that is now in the Auckland Museum. Visits to Dick's parents' home in Mt Albert by the mycologist G.H. Cunningham (F.R.S. 1950), who had become a close friend of Dick's father when they were recuperating in Egypt and at Rotarua in World War I, were another key influence.
Having decided to go to university, Dick entered Auckland University College in 1938, studying botany, chemistry and zoology for a BSc. He was unimpressed by his teachers, except for the organic chemist L.H. Briggs, who was one of the few active research workers in the Faculty. Indeed, but for the problem of finding financial support, Dick would probably have taken chemistry. Dick's problem was solved by Cunningham, who had become the first Director of the DSIR Plant Diseases Division, which was just moving to Mt Albert. Cunningham offered Dick a summer job on the farm staff, and later a full-time technician's post in the Plant Virus Section under E.E. Chamberlain. He also advised Dick to take botany instead of chemistry and, as Dick thought a permanent job might be in prospect, he took the advice. Dick was employed to assist Chamberlain in recording the virus diseases of plants in New Zealand; this led to his first paper (1)*, which described a virus disease of cultivated Daphne. So began an involvement in plant virus research that was to last for the rest of Dick's working life. Another result of these arrangements was that the final part of Dick's BSc course was completed by part-time study. In 1941 he graduated and was awarded a Sir George Grey scholarship, which provided a small sum towards his expenses at university.
Although Chamberlain had provided Dick's introduction to practical work on plant viruses, his influence lasted for only a few months, after which Chamberlain joined the Army. Dick joined the Territorials and received his basic military training from January to March 1941. From then until November, by working on potato viruses at the Plant Diseases Division without any supervision, and by reading in the Botany Department of Auckland University College, he completed the thesis and sat the exam papers for an MSc in botany, which was awarded in 1942. In November 1941 Dick, then aged only 20, was appointed to the DSIR staff as an ' Assistant Mycologist', but the following month he was called up for active service and was in the Army for the next four years. In 1943 he was posted to the 7th Anti-Tank Regiment of the 2nd New Zealand Division and took part in the whole campaign of the 8th Army in Italy from 1943 to 1945, ending the war as a sergeant. Relaxing over a drink on a Friday night, Dick would tell colleagues many funny, hair-raising or apocryphal stories about this period, which he described as 'on leave without pay'.
C   DSIR, 1945-61
At the end of the war, Dick was able to benefit from an enlightened New Zealand government scheme that allowed appropriately qualified ex-servicemen to undertake postgraduate studies, either in New Zealand or overseas. Dick was one of about fifty who went to Cambridge University, where others included two of his special friends, E.J. Godley (later Director of Botany Division, DSIR, Christchurch) and Ted Bollard. Their teenage dream was coming true. By chance, Dick (and Ted) rented part of a house owned by Frances Cornford, Darwin's grand-daughter, and enjoyed recollecting their forbears' meeting in New Zealand. Of this period at university, Professor R.K. Ralph writes, 'The pent-up energy of battle-hardened soldiers determined to live life to the full while resurrecting their interrupted careers caused some consternation in Cambridge, but it also produced an atmosphere of great camaraderie, excitement and enthusiasm'. People from different disciplines met in the local pub, where discussion and argument raged, and many new ideas were generated. Dick joined the Agricultural Research Council Virus Research Unit (VRU) at the Molteno Institute, where his supervisor was the eminent plant virologist Kenneth M. Smith, F.R.S. However, in the laboratory he was more strongly influenced by Roy Markham (F.R.S. 1956), another VRU staff member. He took courses in, for example, biochemistry and bacteriology to improve his scientific knowledge, and worked to apply biological and serological techniques to the detection, identification and quantitative assay of various plant viruses, especially potato virus X and turnip yellow mosaic virus (TYMV). For Dick it was a crucial period in which his fascination for plant viruses was consolidated and his eyes were opened to the promise that modern biochemical approaches would revolutionize knowledge about them.
After the award of his PhD in 1948, Dick spent a year at the University of Wisconsin. He found this something of a scientific anticlimax after Cambridge and, as a postdoctoral researcher, he had little income. However, G.H. Cunningham had a small sum on credit in the USA, the loan of which enabled Dick to go on a university ski trip between semesters. On this trip he had the great good fortune to make friends with an undergraduate arts student, Lois Ann Bayley, who was to become his wife. Dick and Lois married in 1950 and had a daughter, three sons and nine grandchildren.
Dick returned to the Plant Diseases Division in 1949, keen to get modern plant virus research going at Auckland. His laboratory was primitive, even for its time, but he did have access to adequate glasshouse space for experiments, and he was more interested in results than surroundings. His work soon took an important new direction with his discovery that treating plants with substituted purines decreased the virus infection of inoculated leaves and delayed or prevented systemic infection. Dick described the train of events as follows:
I started this work as a consequence of a series of quite chance events, but in time Imperial Chemical Industries became interested in it. The company offered to pay my fares back to Cambridge, where Markham was by then doing his pioneering work on RNA biochemistry. I accepted this opportunity with alacrity. The offer was supposed to be for one year, on DSIR salary, but through the great patience and foresight of the Head of DSIR, W.M. Hamilton, I was able to stay for four full years. The period 1952-1956 in Cambridge was a most exciting one in developing molecular biology. Pioneering work on DNA, RNA and proteins was then all centred in Cambridge. Without doubt they were most productive and formative years for me and by the time I returned to DSIR in 1956, I had matured enough scientifically to stand the comparative isolation and try to establish my own laboratory.
On returning to the DSIR, Dick's laboratory consisted of a converted Nissen hut that was liable to flooding after heavy rain. Work was hard and satisfying and the atmosphere in the laboratory extremely informal. Dick's attire normally consisted of an old shirt and shorts but, for more formal occasions, he had been known to wear a suit, sometimes strangely combined with sockless sandals. Several factors aided his success in gathering a group of active colleagues to work in the general area of plant virology. The New Zealand economy was now more buoyant, and Dick received strong support from his Divisional Director (Chamberlain) and his Director General (Hamilton), who sensed his research and leadership abilities. Also, as Professor A.R. Bellamy recounts, He achieved some benefit from the almost total absence of biochemistry and quantitative biology in Auckland University. The Botany and Zoology Departments were then almost devoid of modern experimental science, and it was therefore natural that students seeking to engage in such work should be attracted to Dick's virology laboratory at Mt Albert, and the nearby plant physiology laboratory of Ted Bollard. In addition, Dick exhibited a lively, occasionally boisterous, enthusiasm. He had a great belief in the possibilities for science in New Zealand, which he pursued with great energy. His robust 'Kiwi' approach contrasted with that of some immigrant scientists who had been recruited from England in the immediate postwar period, and it appealed to the emerging breed of students at that time, when the 'colonial cringe' was fast disappearing. I first met Dick when I was a third-year student, and he had agreed to run a practical and lecture course on plant viruses for botany students. It was a tour de force of the current (1958) technologies. We used the then very new and only available Spinco ultracentrifuge to purify virus particles; we determined the base composition of their nucleic acids by paper chromatography and paper electrophoresis; we obtained the absorption spectrum of each nucleotide using the newly purchased spectrophotometer; and we examined preparations of virus particles in the analytical ultracentrifuge acquired by Dick with a grant from the Rockefeller Foundation. For students raised on natural history and systematics it was a revelation, and our first indication that 'state of the art' science could be done in Auckland.
Dick continued his research on the mechanism of action of inhibitors of plant virus replication, and began to work more generally on the nature of the different kinds of particle produced by TYMV and on its mechanisms of replication. In all, Dick was on the DSIR books for twenty years but, as a result of war service, postgraduate studies and secondment to Cambridge, he spent only about eight years at Mt Albert. By continuing to back Dick throughout this period, the DSIR eventually brought scientific benefits to New Zealand in a way that would have been impossible in subsequent, more bureaucratic, times.
U  A, 1962-87
Of Dick's appointment as the Foundation Professor of Microbiology, Professor Bellamy writes:
In 1961, the University did something that was quite far-sighted by establishing a chair of microbiology. It is still not clear to me whether the post was advertised or offered directly to Dick, perhaps recognizing that he had other offers at the time. Somehow Dick managed to negotiate with Hamilton, the then DSIR Director General, an agreement that he could remain in his present quarters at Mt Albert until the university provided facilities on the city campus. The university paid a nominal rent and even extended the temporary buildings. Subsequently further staff positions became available, the first going to R.K. Ralph (later Professor).
The expanding group and their growing reputation enabled Dick to obtain an equipment grant from the U.S. Public Health Service of about US$100 000 (the annual departmental grant was then about NZ£500!). The impression made locally was considerable. Despite his increased responsibilities, Dick remained active in the laboratory. Although not a tidy experimenter, he applied many techniques to great effect to study a variety of virus problems. In due course he masterminded the establishment of additional groups working on animal viruses (A.R. Bellamy), bacterial viruses and genetics (P.L. Bergquist), immunology (J. Marbrook), cancer (R.K. Ralph) and electron microscopy (S. Bullivant). The subsequent success of all these groups reflected his perceptiveness and determination to back dedicated people in rapidly advancing fields of research. Indeed, Dick was the main driving force in establishing a research culture in the University Science Faculty, and the principal founder and advocate of molecular biology in New Zealand.
Although Dick was a good and enthusiastic teacher, he had no intention of setting up a conventional microbiology department. Instead he concentrated his undergraduate teaching on third-year courses on plant virology and, later, the molecular genetics of bacteria and flowering plants, so encouraging students to go on to do research. When the idea was mooted that he might contribute foundation courses in microbiology for the proposed Medical School, he was somewhat alarmed as this was certainly contrary to his vision of the department as something approaching a graduate research school. His response was the astute decision to change the name of the department from Microbiology to Cell Biology, an event that occurred just before the move to spacious modern accommodation in the Thomas Building on the main campus, where it continued to thrive. During Dick's time, the department's personnel increased in number from four to eighty, and its scientific output amounted to seven volumes of research papers published up to 1988.
Dick's enduring legacy will be the steady stream of postgraduate students that he trained, all of whom remember their time in the department with affection, and the atmosphere he created, which placed science and scientific experimentation at the top of his own and the department's priorities. For example, it was not unusual for Dick (and his students) to conduct an all-night experiment. To determine exactly when plants assembled their polyribosomes as day approached, he would run his beloved analytical ultracentrifuge from dusk to dawn. Saturday morning was often spent in the laboratory, clearing the paper work that had been neglected during the week. Everyone admired his resilience when he appeared bright and with his usual energy on Saturday after the sometimes quite heavy beer-drinking sessions on Friday night. He had a touch of the Protestant work ethic. Those who turned up late in the morning on weekdays were made to feel uncomfortable. Absences on Saturday morning were noticed, although usually not commented on.
As Dick's research reputation grew, and also because he was an interesting and persuasive speaker who always had something new to say in a way that made the audience feel something crucial was being revealed, he received many invitations to lecture or to stay for a few weeks at centres of plant virus research in different parts of the world. He delivered several named lectures in New Zealand and abroad. He also spent sabbatical periods at Madison, Tübingen and Strasbourg. In this way he brought his own work to a wider audience and he kept in touch with the new techniques and changing research strategies that were being applied elsewhere. Despite the geographical isolation of New Zealand, he remained well informed about recent progress worldwide; indeed, he was able to benefit from the relative isolation by pursuing lines of research that were not common knowledge until he published the results.
As a senior professor, Dick became committed to improving the general standard of scientific teaching and research in the university, and he acquired a reputation for clear-headed analysis and total honesty in this pursuit. He lobbied successfully, against opposition in some quarters, for the establishment of a separate biochemistry department. Outside the university, he made valuable contributions to several review groups and committees, including the Advisory Committee on Pesticide Hazards, the Working Party on Science and Technology, and the Science and Technology Advisory Committee, thereby influencing the funding and organization of science in New Zealand. He also served on the editorial boards of several international journals. Finally, recognizing the developing revolution in plant molecular biology, he ensured that his plant virus laboratory was converted to this more general field when he retired in 1987.
R   
Virus diagnosis and serology Dick Matthews's earliest research in New Zealand had concerned the recognition of various naturally occurring plant virus diseases, and simple properties of their causal agents. In his postgraduate studies at Cambridge he soon became convinced of the power of serological methods for virus detection and assay, and for assessing relationships between isolates. He used serological tests to clarify the status of isolates of potato virus X and obtained evidence that the relationships he detected paralleled those indicated by cross-protection tests. Previous infection with any one virus isolate made plants resistant to the effects of other, subsequently inoculated, isolates that were closely related serologically, but only partially resistant to isolates that were more distantly related (3).
Dick's growing enthusiasm for virus serology in seen in his co-authorship of the seminal paper (2) on TYMV in which the infectious nucleoprotein particles and non-infectious but antigenically apparently identical protein particles were purified, crystallized and characterized, and transmission of the virus by beetle vectors was described. Although the two kinds of particle had the same pattern of precipitation with different concentrations of antibodies prepared against the nucleoprotein particles, the nucleoprotein was much more immunogenic than the protein. This difference was evident in rabbits and in mice: it did not depend on the nucleoprotein's being infectious, but it was accompanied by the more rapid removal of the nucleoprotein from the bloodstream after intraperitoneal injection (18) .
Finding TYMV to be so suitable for serological research, Dick studied its immunogenicity and assay by a range of immunological procedures in considerable detail. For example, he showed that potent antisera could be obtained by a series of injections of much smaller amounts of immunogen than were normally used by plant virologists. A selection of these results was later used to illustrate phenomena in his book Plant virus serology (9), which filled an important gap in the plant virus literature of the day.
Nucleotide analogues as inhibitors of virus replication Dick's first major claim to fame came from his research on the effects of substituted nucleotides on virus multiplication. He was stimulated to embark on this work by the findings of Kidder et al. (1949) , who had shown that 8-azaguanine (AZG) and some other substituted purines adversely affected the metabolism of Tetrahymena and the development of malignant cells in mice. In Dick's first tests, made soon after his return to Auckland from Cambridge, he showed that AZG delayed or prevented the spread of alfalfa mosaic virus (AMV) from inoculated leaves to other parts of Nicotiana plants (4). The effect was observed when the AZG was sprayed on leaves either before inoculation or within two days afterwards. Many substances, mostly of higher molecular mass, were already known to decrease infection (lesion number) in inoculated leaves when incorporated in inocula but a substance that was inhibitory when applied a day after inoculation was much more interesting. Moreover, at the concentration used in the sprays, the presence of AZG in the inoculum had little effect on lesion number. Perhaps not surprisingly, AZG was more effective when sprayed on plants than when applied to the soil in which they were growing, but even when sprayed on Nicotiana plants it had little inhibitory effect on tobacco mosaic virus (TMV). Further work showed that the inhibition of AMV was prevented by simultaneous application of guanine, adenine or hypoxanthine (5, 6).
Very soon after Dick's first paper on AZG, Commoner & Mercer (1951) showed that TMV replication in tobacco leaf discs was strongly inhibited by floating them, a day after inoculation, on a solution of the pyrimidine analogue 2-thiouracil (2TU), and that the inhibition was partly reversed by uracil. It was soon established that the inhibitory effects of AZG and 2TU depended both on the virus and on the host, and that both compounds were phytotoxic at higher concentrations (6). These findings alerted chemical companies to the possibility of viral chemotherapy. After Dick's return to Cambridge, he discovered that AZG was incorporated into TMV RNA, substituting for about 4% of the guanine normally present (7), whereas Jeener & Rosseels (1953), working in Belgium, detected somewhat larger amounts of 2TU in TMV RNA in place of uracil. Dick's results indicated that 2TU-containing TMV caused fewer local lesions in inoculated leaves (usually about half) than the same concentration of control TMV, leading him to suggest that some of the analogue-containing particles were non-infective (8). This hypothesis is probably an over-simplification, as indicated by the work of Dick's colleagues at Cambridge, Dunn & Smith (1954) . They reported that particles of the bacteriophage T2r, in which most of the thymine normally present was replaced by the inhibitor 5-bromouracil, nevertheless looked normal and had about 30% of the specific infectivity of control virus, even though the inhibitor was supplied to host bacteria both before and after inoculation, making it likely that every T2r particle contained 5-bromouracil. Dunn & Smith proposed that the inhibitor did not inactivate virus particles that contained it but decreased the probability that they would initiate an infection.
The precise mechanism(s) of action of AZG, 2TU and similar inhibitors of plant virus replication has not been established for certain, despite much work in the period up to 1970. The incorporation of 2TU into TMV RNA paralleled the decrease in specific infectivity of virus particles and the extent to which their accumulation in leaf tissue was depressed (13) . The decrease in TMV RNA synthesis caused by 2TU was associated with a suppression of incorporation of 32 P into double-stranded TMV RNA (17). Moreover, the effect on specific infectivity did not have a trivial explanation such as a technical artefact, an increase in particle aggregation or the accumulation of inhibitors of infection in leaves treated with 2TU (Francki 1962 ). Jeener (1965) reported that TMV particles produced in 2TU-treated leaves had somewhat altered antigenic properties, raising the possibility that the incorporation of 2TU into the viral RNA caused mutations or affected the faithfulness of translation of the viral genes into gene products.
With TYMV too, viral RNA synthesis was decreased by 2TU, although no incorporation of 2TU into the RNA could be detected. The most marked effect was a large increase in the ratio of viral protein particles to nucleoprotein particles, with the protein particles produced in these conditions having an ultraviolet absorption spectrum and a stability differing slightly from those of normal TYMV protein particles (12).
These effects on viral synthesis, specific infectivity and antigenicity must also be seen against the background of effects of the inhibitors on host systems. Indeed, Bawden & Kassanis (1954) had argued that effects on the host might have a key role in the mechanism of viral inhibition, although Dick was never persuaded that this role was more than a subsidiary one. In more recent years, interest in the action of these virus inhibitors, and in their possible practical uses in agriculture, has waned. Their likely cost, phytotoxicity, limited persistence in plant tissues and the need for treated plants or plant parts to conform to regulations for food safety have militated against their use in field crops. The suggestion that related inhibitors, such as ribavirin, might be useful, in combination with heat treatment and meristem-tip culture, for producing virus-free clones of vegetatively propagated crop plants, needs to be explored more thoroughly. However, in animal systems, 5-fluorouracil is still in use as an antimetabolite and 5-bromouracil is used for the selection of virus recombinants (e.g. of vaccinia) in the laboratory. In human virology, the halogenated pyrimidine idoxuridine, although toxic and mutagenic, has found a niche use in topical application to the eye to suppress early-stage herpes virus infections. More recently, analogues that selectively target virus-associated enzymes, such as thymidine kinase (e.g. acyclovir) and reverse transcriptase (e.g. dideoxy derivatives), and so bypass the problem of host toxicity, have been found to be potent inhibitors of viral replication.
TYMV particles with different RNA contents Dick had found TYMV to be an excellent model virus in his serological studies, and it was to be the subject of most of his subsequent work of other kinds. This virus was the first of many found to produce isometric RNA-free non-infectious protein (T) particles that had the same diameter and surface structure as the RNA-containing infectious (B1) particles. Dick puzzled about the synthesis and possible function of the T particles. He found that they accumulated as a constant proportion (about half) of the number of B1 particles, except late in infection when their proportion increased; unlike B1 particles, they accumulated in large amounts in the nucleus (31) . T particles were found to be neither a precursor nor a breakdown product of B1 particles (14) ; much later, experiments with inoculated protoplasts confirmed that the two particle types are made synchronously (35) . T particles could be produced in vitro by gently heating purified B1 particles under alkaline conditions, when the viral RNA was released (10) , apparently together with a small amount of protein (34, 36) . Exposure to alkali made the B1 particles swell slightly, perhaps facilitating the release of a small protein oligomer and so creating an exit hole for the internally packaged RNA. The genomic RNA in B1 particles evidently has a role in the swelling because neither native T particles nor the artificial ones made by alkali treatment swell at high pH (34) .
By centrifuging purified preparations of TYMV through caesium chloride solution, Dick discovered the existence of several other kinds of RNA-containing particle, and he devoted much effort to studying their physico-chemical and biological properties. Except for B2 particles, they had subnormal RNA contents (B000 6%, B00 10%, B0 20%) (11) . B2 particles had virtually the same RNA content as B1 particles (37%) but were not infectious and some, at least, were produced from B1 particles by exposure to caesium chloride (30) . Only B1 particles, which contained full-sized viral RNA, were infectious. Except for B1, the B components packaged an RNA that was much smaller than genomic RNA and was shown by work elsewhere to be the virus coat protein messenger RNA. In addition, components B000, B00 and B0 contained RNA species ranging from 30% to 65% of the genome size but with no known biological function (33) . None of these is a precursor of B1 particles and they are probably different kinds of faulty particle (14) .
Cellular effects of infection and the origin of mosaic symptoms Dick had a holistic approach to research on virus disease in plants. He aimed at discovering how viruses replicated and how events at the cellular level related to the visible symptoms of infection, both qualitative and quantitative. TYMV infection of Chinese cabbage was the model for most of these studies.
Leaf symptoms induced by TYMV infection in systemically infected Chinese cabbage plants typically consist of a mosaic of islands of yellow and green tissue that have angular outlines and sharp boundaries. Light and electron microscopy showed that chloroplasts in the yellow areas became rounded and clumped, had few or no grana, and contained large and small vesicles (19, 23) . Analyses of the yellowed tissue revealed an almost total absence of 69 S chloroplast ribosomes and much decreased amounts of ribulose bisphosphate carboxylase (Fraction I protein), whereas amounts of 83 S cytoplasmic ribosomes and Fraction II protein were normal (20) . Moreover, specifically in recently TYMV-infected leaves, the early products of photosynthetic carbon fixation were diverted away from sugars to organic and amino acids. In addition, the activities of phosphoenolpyruvate carboxylase and aspartate aminotransferase increased maximally when virus replication was at its peak (28) . These effects and other later findings supported Dick's contention that the disease caused by TYMV is primarily one of chloroplasts. A by-product of this early interest in cellular processes was the discovery of polyribosomes in normal plants and of their diurnal fluctuation in amount from a low level just before dawn to high levels only one or two hours after daybreak (15) .
More detailed electron microscopy of cells in the yellowed areas of infected leaves showed that the small (50 nm diameter) peripheral vesicles in chloroplasts appeared in clusters at the time of most rapid TYMV replication, and that some contained stranded material, possibly nucleic acid. The necks of these vesicles apparently opened onto the cytoplasm (23, 26) . Previous work with R.K. Ralph and colleagues had provided early evidence for the occurrence of viral double-stranded 'replicative form' RNA in extracts of TYMV-infected leaves and led to the conclusion that the genomic RNA was produced by an asymmetric semi-conservative process (16). Moreover, double-stranded TYMV RNA was associated with the chloroplast fraction of leaf tissue (Ralph et al. 1971 ); TYMV coat protein, not in the form of virus particles, could be detected on the outer membrane of the chloroplast. Dick formulated the hypothesis that genomic RNA was produced in the chloroplast vesicles and assembled into B1 particles as it emerged through the vesicle necks, acquiring coat protein (possibly as oligomers) from the pool that was available on the chloroplast surface (31) . This hypothesis, although not established beyond doubt, is still the best available. Indeed, it is supported by the immunological evidence of Garnier et al. (1986) that TYMV replicase is localized near the chloroplast periphery.
Dick also made detailed studies on the nature and origin of mosaic symptoms. He noticed that the yellowed islands in the mosaic had different hues: greenish yellow, yellow, or almost white. These colours were associated with different virus strains: virus cultured from greenish yellow islands gave predominantly a pale mosaic, whereas that cultured from white islands gave mainly a white mosaic. However, the differences between isolates selected in this way disappeared when they were subcultured successively without further selection (21) . The parent culture was therefore a strain mixture, but its separated components each tended to revert to the original mixture, early evidence that TYMV can be considered a quasi-species. The islands were explained by the ability of the strain that initiated the infection of a cell in a developing leaf to exclude other strains, and of such cells to divide, coupled with the local spread of virus to nearby uninfected cells.
The mechanism of genesis of mosaic symptoms was the subject of continuing detailed studies by Dick's research group. Systemically infected leaves developed mosaic symptoms only if they were invaded when less than 4 cm long. The first leaves to be infected developed a fine mosaic, whereas those infected subsequently, and at an earlier stage of differentiation (less than 2 mm long), developed a coarser mosaic. Some islands in the mosaics remained dark green. These islands were composed of cells that had no cytological or biochemical abnormalities and contained no TYMV (19, 20) .
Parallel studies on TMV confirmed previous work elsewhere, which had indicated that dark green areas in the mosaic of tobacco contained little if any virus and were resistant to infection by manual inoculation. Dick found that the boundary between dark and light green areas was sharp and could cut across cell types that had different ontogenetic origins. The dark green areas were not produced simply by the division of a single cell, but could be traced back to a group of 100 or more cells that existed already at the time at which the leaf primordium was invaded. Some resistance-inducing signal would therefore have had to pass from cell to cell, converting recipient cells to a permanently virus-resistant state. Careful ultrastructural examination showed that, at the boundary between light and dark green islands, there is a zone of one to three dark green cells that contain relatively small numbers of TMV particles (24) . The plasmodesmata linking cells in this zone to the adjacent areas look normal, and it seems very possible that TMV inoculum continued to enter these peripheral dark green cells but replicated poorly in them. Dick was not able to define the mechanism of resistance in the dark green areas but recent work suggests that some form of gene silencing could be involved (Ratcliff et al. 1997; Voinnet et al. 1998) . A similar explanation can be offered for the dark green areas in TYMV-infected Chinese cabbage leaves.
Further analysis of detailed observations on the mosaic induced by TYMV led to the differentiation of two situations (25). In leaves invaded when 2-30 mm long, the islands reflected mainly the spread of virus or resistance-inducing signal from cell to cell. However, in leaves invaded when less than 2 mm long, the islands developing subsequently were more likely to represent a clone derived from an initially affected cell.
Effects on chloroplasts were also examined in other ways. Changes in amounts of chloroplast pigments were confined mainly to the period after rapid virus replication. TYMV strains that induced a white mosaic greatly decreased the levels both of chlorophylls and of carotenoids, whereas less virulent strains decreased the chlorophylls only (29) . Experiments with protoplasts from mosaic-affected leaves revealed that the large chloroplast vesicles found in earlier work expanded greatly on exposure to light for a few hours, and the rounded chloroplasts then became sickle-shaped or disintegrated, depending on the virus strain. These effects were prevented by an inhibitor of electron transport (32) . Largely as a result of Dick's work up to 1980, more varied information about cellular aspects of infection was probably then available for TYMV (27) than for almost any other plant virus. The work on the origin of mosaic symptoms and on chloroplast vesicles was especially novel and thought-provoking.
P  
Dick was an excellent writer, who could present complicated information in a straightforward way without unnecessary verbiage. This skill was particularly evident in his books and review articles. In Plant virus serology (9), which is akin to a monograph, he described the scientific principles involved and explored their application to virus detection, identification and quantitative assay. In this way he publicized serological methods as a powerful but under-used approach to many problems involving plant viruses, and showed the value of virus particles as model antigens.
His most important book, Plant virology (22) , became a standard text for postgraduates, university teachers and research workers. It brought together, systematized and analysed critically the current knowledge on virtually all aspects of the science, giving pointers to gaps, and was a worthy modern successor to F.C. Bawden's (1964) In retirement, Dick also produced, at the request of the publisher, Fundamentals of plant virology (38), which is a condensed and more affordable version of Plant virology. He also edited and contributed to Diagnosis of plant virus diseases (39), a book in which specialists reviewed a wide range of approaches to the subject. All his main objectives as a plant virologist had then been achieved.
V 
Dick's early research on potato virus X had given him experience of the problems encountered when trying to decide whether different virus isolates were best considered to represent the same virus strain, different strains or different viruses. His subsequently acquired much broader knowledge, as illustrated by Plant virology, in which alternative kinds of viral genome and viral gene expression were discussed in relation to distinct groups of viruses, intensified his interest in virus taxonomy. Indeed, he published sporadically on new approaches to virus classification, emphasizing the links between viruses affecting different kinds of hosts. As a senior respected figure not already embroiled in taxonomic in-fighting, Dick was therefore an ideal person to become Chairman of the International Committee on Taxonomy of Viruses (ICTV). He held this position for six years until 1981, during which the third and fourth reports of the ICTV on Classification and Nomenclature of Viruses were produced and the information content of the reports doubled. He sought to minimize ingrained differences between factions, mainly between some vertebrate virologists and many plant virologists, by noting the degree of flexibility permissible under the rules of nomenclature, by backing changes to some rules, and by supporting the establishment of virus genera and species but not pushing for the adoption of latinized binomial names for the species. Although, in retrospect, some opportunities for improving nomenclatural usage without latinization were probably lost, Dick's period of chairmanship was marked by steady progress towards a universally adopted scheme that serves adequately the needs of both diagnosticians and molecular virologists.
Dick's enhanced interest in virus taxonomy was further developed in his contributions to, and editorship of, a book entitled A critical appraisal of virus taxonomy (37) , in which a range of problems encountered in the taxonomy of viruses infecting different types of host were examined. His own contributions to the book are notable for the historical account of the development, and opposing views, of virus taxonomy in the preceding 20 years and for his concept of the nature of virus species, and of ways in which they might be delineated.
S   
The death of Dick's mother from cancer, and the similar fate of former colleagues in Cambridge who, like him, had been exposed to potentially toxic chromatography solvents in poorly ventilated rooms before the hazards were understood, imbued him with a continuing interest in cancers of all kinds. He served on the Medical Research Council of New Zealand and on the National Research Advisory Committee of the Cancer Society of New Zealand, and in 1983 he made an important contribution to a review of cancer research in New Zealand. His subsequent work as Chairman of the Health Department Toxic Substances Board led to the publication of the Health and Tobacco Report. This had a key role in the passage of the Smoke Free Environment Act in New Zealand.
Another activity that was close to Dick's heart arose from his deep-rooted attachment to the natural environment in New Zealand, dating from his childhood holidays at Long Bay. In retirement, he enlarged the family seaside bach there, and it became his permanent home. As the vigorous Chairman of the East Coast Bays Coastal Protection Society, Dick was the designer and producer of the formal application for the Long Bay-Okura Marine Reserve, and the leading campaigner for its establishment. He would have been delighted to know that, only six months after his death, the Reserve became a reality. It adjoins the Auckland region's most popular coastal park, and will protect a wide range of marine habitats including boulder beaches, the reef system, mudflats, marine organisms and mangroves in the Okura estuary.
P
Dick was a larger-than-life character. His sister Miriam has described him as patriarchal, hard-working, hard-drinking, creative, frustrating, warm-hearted, loving and of compelling charm. Dick certainly liked to be the departmental figurehead, both scientifically and socially, taking an interest in all the staff and their families. His long-term technician, Jeanette Keeling, writes: 'he was absolutely without academic snobbery and the whole Department from the professors to the tea lady worked as a happy team. He liked nothing better than to be Master of Ceremonies at the Christmas Party, wearing a chef's hat and apron to carve the ham.' Dick also liked to win an argument and was a stimulating lateral thinker. All topics were available for robust examination, especially on Friday evenings when, suitably lubricated, he could be painfully frank about people and their work. His scientific success came from his creative imagination, his ability to focus on the topic in hand and his determination to get things done. His skill as a writer was complemented by the knack of commenting constructively on the draft writings of others, to the benefit of many colleagues. He undoubtedly influenced for the better the careers of many young scientists who currently hold senior positions in New Zealand, Australia or the Northern Hemisphere. Dick's personality and experiences, especially those in the Army, gave him a healthy disregard for authority, and the ability to distinguish between instructions to be obeyed and those meriting inaction. This was coupled with an infectious enthusiasm and the ability to talk bluntly and persuasively to people at all levels. He was a great spinner of yarns and had a mischievous sense of humour. Professor John Marbrook relates that 'as a perpetual wearer of shorts and sandals, one of his ploys was to take any English visitor, with tie and preferably suit, to tea on a warm afternoon. This involved walking reasonably briskly up a steepish incline to the cafeteria, after which the profusely perspiring visitor with his cup of hot tea was apt to present an amusing picture of physical inadequacy.' A complementary side of his character was seen on his overseas travels, when his warm-heartedness, ability to talk with good humour on any subject, and keenness to join in with social activities ranging from hiking to music-making, made him a popular visitor and led to many friendships.
At heart Dick remained a rural New Zealander. He grew many fruits and vegetables, and was an enthusiastic beekeeper and brewer of beer. No one in the Department was short of information on how to run a vegetable garden, grow kumara (sweet potato) in the traditional way or trap possums. However, although he had a genuine love of life as it might have existed for the pioneers, and was not averse to being considered a rough diamond, he was in reality a complex character, shrewd, subtle and more than able to hold his own in any company. He was not at all religious. In early 1995, he was found to be suffering from cancer and he died a few weeks later.
